We describe methods for densitometry of electrophoretically separated proteins in 25-millimeter microslab gels. 
that use the single-cell enzyme assay we described earlier [11] ). Second, we show that the proteins of individually excised plant cells can be extracted in microdroplets of detergent. Because the freeze-dried cells are handled under low RH before extraction, our procedure avoids potential complications from endogenous proteases.
GENERAL METHOD DESCRIPTION Submicrogram samples were dissected from freeze-dried tissue and weighed on a quartz-fiber 'fishpole' balance as described by Lowry and Passonneau (5) . (Documentation of sample purity and other relevant aspects of plant histochemistry can be found in reviews [2, 7, 8] ). Protein extraction reagent is pipetted into oil, which serves to prevent evaporation. A tissue sample is pushed through the oil until contact with the droplet is made. After the droplet is heated, an aliquot of the extract is transferred to a microslab gel, and the proteins are separated (for 15-30 min) by electrophoresis (13) and stained (6) . The microslab gel is placed between two glass plates ( Fig. 1 ) and positioned manually. The focus is adjusted to a point slightly above the plane of the gel. The gel is driven along the x-axis by a computercontrolled, constant-speed drive. Illumination passes through a heat shield and a neutral-density filter to the microslab gel. The transmitted light is collected by a 20x objective (numerical aperture = 0.32), passes through a slit and an interference wedge (set at 595 nm for CBB G-250), and is measured by a photomultiplier tube. The photometric signal is amplified, digitized, and transferred to a computer through an input/output processor. The signal is evaluated by computer, and the optical density profile is graphically displayed by printer. Mass-storage files are compatible with MICROENZYME (10) Figure 1 . The manual XY-drive (520 386) was from Leitz. The reversible synchronous motor (model CA, 115 V, 30 rpm) was from Hurst (Princeton, IN). The housing, screw (0.5 mm pitch), and assembly were custom-made (materials and construction, < $150 and 40 h). The heat shield (marketed for slide projectors) and the 0.7 neutral-density filter were from Kodak. The custom-fabricated light slit (0.23 x 14 mm) was oriented parallel to the protein bands. Other components were described by Outlaw et al. (1 1).
Operation. The microdensitometer operates in a dimly lighted room and is under external computer control ofsystem solenoids, timing, and data acquisition. Safety devices (e.g. microswitches that prevent drive overrun) are dominant over the driving software that permits operator choice of step size for data acquisition and scan distance. In the implementation described here, the minimum step size, which is set by motor speed, A/D conversion time and driving screw pitch, is <1 ,um. Unless otherwise indicated, the step size is set at 10 .m, which is equivalent to an integration time of approximately 35 ms. The data are accessed through a bipolar 12- Microelectrophoresis. One-dimensional discontinuous SDS microPAGE was performed as described by Poehling and Neuhoff (13) , except that gel chambers were sealed with plastic (Plasti-Dip, Inc., St. Paul, MN). Gels were 25 mm long, 25 mm wide, and 0.5 mm thick. Acrylamide stocks and buffers were prepared according to the methods of Laemmli (4). The stacking gel was 5% acrylamide (w/v), and the resolving gel was homogenous, 10 to 15% (w/v), as indicated. To 10 and 12% gels, a potential was applied for a total of 15 min (5 min at 60 V, 5 min at 100 V, and 5 min at 150 V); for 15% gels, the total electrophoresis time was 30 min (10 min at 60 V, 10 min at 80 V, and 10 min at 100 V). Protein bands in the gel were stained by a solution ofCBB G-250, phosphoric acid, and ammonium sulfate (recipe 3 In our implementation, imperfections in the stained gel set the lower practical limit for detecting minute quantities of protein on microslab gels. Four lanes loaded with 1 ng of carbonic anhydrase each were electrophoresed to an average final peak density of 0.3 ng protein mm-2. (For reference, this density is <10-2 that stated for detection with a conventional Coomassie procedure [ 16] ). Single scans of each of these lanes are shown in Figure 3 . The peaks corresponding to carbonic anhydrase in these single, unselected scans were definitive, but these scans also showed smaller, artifactual 'peaks.' These artifacts were attributes of the stained gel itself, as was shown by subsequent scans of the same gel (data not shown). Because technical skills vary, general detection limits cannot be established simply. Moreover, detection of absolute protein quantities depends on final protein density in the gel. Density, in turn, is related to variable parameters (e.g. protein mol wt, electrophoresis time, and gel concentration, all of which affect protein diffusion in the gel). Despite these reservations, it is clear that 1 ng exceeds considerably the practical detection limits.
To assess the variability in our quantitation that results from differences in band geometry and dye-protein affinity, we scanned lanes containing a commercial mixture of mol wt marker proteins ( Fig. 4; cf Fig. 6, A and B, lanes 3) . Each procedures to the histochemical level can present special problems. In the present case, the cell wall is a potential impediment because it may physically confine proteins. Results from the method we recommend ("Materials and Methods") are shown in Figure 5 . Electrophoretically separated proteins of freeze-dried palisade cells extracted by a conventional procedure (Fig. 5A) were comparable with similarly treated samples that were extracted by the micromethod (Fig. SB) Figure 6 . The Coomassie-stained bands in Figure 6A are faint, but the rubisco ls is nevertheless obvious as the most prominent protein. This same gel was destained and then stained with silver, a sensitive but only semiquantitative stain (14) that revealed more bands. The absorbance profile of lane 2 ( Fig. 6A ) of the CBB G-250 stained gel is shown in Figure 7 . The rubisco ls and rubisco ss are labeled '1' and '2,' respectively, and represent the most abundant enzyme in these cells. (13) is perhaps the most practical, as it does not, in itself, require extraordinary technical skills or particularly specialized equipment. However, quantitation of stained protein bands in microslab gels is not routine, and our experience with conventional instrumentation for ordinary gels has shown these instruments to be unsuitable for use with microslab gels. An instrument for evaluating microslab gels should have the following design features: (a) The spatial resolution should be high because the protein bands in microslab gels are narrow and closely spaced. (b) The light-measuring system must be stable, so as to permit high-precision measurements. (c) The resulting data should be readily available for custom manipulations (e.g. difference curves, peak integration, curve averaging). We have shown that the Leitz Diavert MPV Photometer customized and computerized as we have described meets these specifications. Although it is relatively slow (cf. 3) , to our knowledge, no other instrument exceeds its precision in evaluation of one-dimensional microslab gels. In other work (15; MC Tarczynski, WH Outlaw, unpublished data) we will exploit this methodology to improve our understanding of the specialized function of various leaf cells.
